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AERODYNAMIC STABILITY AND DRAG CHARACTERISTICS OF THE
MSFC PRESSURE FED BOOSTER CONFIGURATIONS AT
MACH NUMBERS FROM 0.9 TO 5.0
By John Baker
ABSTRACT
Experimental aerodynamic investigations were conducted in the NASA/MSFC
14 x 14 Inch Trisonic Wind Tunnel during January 1972 on 0.003366 and 0.00419
scale models of the MSFC space shuttle pressure fed booster configurations.
The configurations tested were a 40° cone/cylinder/130 flare with and without
fins, a 400 cone/cylinder/130 flare/9° flare with and without fins, a 350
cone/cylinder with and without fins, a 350 cone/cylinder/70 flare and a 350
cone/cylinder with straight extension. Six component aerodynamic force and
moment data were recorded over a Mach number range of 0.9 to 5.0. Model angle
of attack range was -10° to +100 and +200 to 800 at 00 sideslip. Model side-
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CN CN normal-force coefficient; normal forceqS
~CA CA a.xial-force coefficient; axial force
qS
Cy CY side-force coefficient; baside force
qS
CAb CAB base-force coefficient; base force
q
-Ab(Pb - p.)/qS
CAf CAF forebody axial force coefficient, CA - CAb
cm CLM pitching-moment coefficient; pitcqing moment
qS REF
Cn CYN yawing-moment coefficient; yawing momentqSb
CO CBL rolling-moment coefficient; rolling moment
qSb
Stability-Axis System
CL  lift coefficient lift
qS
CD CD drag coefficient; drag
CDb CDB base-drag coefficient; base dragDb qS
CDf CDF forebody drag coefficient; CD - CDb
Cy CY side-force coefficient; side force
qS
Cm CLM pitching-moment coefficient; pitching moment
Cn CLN yawing-moment coefficient; yawing momentqSb
C! CSL rolling-moment coefficient; rolling moment
qSb
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TEST FACILITY DESCRIPTION
The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is an
intermittent blowdown tunnel which operates by high pressure air flowing
from storage to either vacuum or atmospheric conditions. A Mach number
range from .2 to 5.85 is covered by utilizing two interchangeable test sec-
tions. The transonic section permits testing at Mach 0.20 through 2.50, and
the supersonic section permits testing at Mach 2.74 through 5.85. Mach num-
bers between .2 and .9 are obtained by using a controllable diffuser. The
range from .95 to 1.3 is achieved through the use of plenum suction and per-
forated walls. Mach numbers of 1.44, 1.93 and 2.50 are produced by inter-
changeable sets of fixed contour nozzle blocks. Above Mach 2.50 a set of
fixed contour nozzle blocks are tilted and translated automatically to pro-
duce any desired Mach number in .25 increments.
Air is supplied to a 6000 cubic foot storage tank at approximately -40°F
dew point and 500 psi. The compressor is a three-stage reciprocating unit
driven by a 1500 hp motor.
The tunnel flow is established and controlled with a servo actuated gate
valve. The controlled air flows through the valve diffuser into the stilling
chamber and heat exchanger where the air temperature can be controlled from
ambient to approximately 1800°F. The air then passes through the test section
which contains the nozzle blocks and test region.
Downstream of the test section is a hydraulically controlled pitch sector
that provides a total angle of attack range of 200 (±100). Sting offsets and
extensions are available for obtaining various maximum angles of attack up to
900.
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Two base pressures and one cavity pressure were recorded and used
to determine base axial force CA and a cavity correction to total axial force
CAT 
Cp A






Cp + CP\ A
12 S2 ~S ref
CAT= CAAT bal
+ c' Cp+CP 2 )
Base and cavity areas for the basic booster configurations are listed below.
Configuration AB 1 (in2 B 2 (in ) A G (in )
N1B1 0.5466 0.6525 0.3673
N1B3 0.9162 1.0702 0.3673
N2B 2 0.7250* 0.7250* 0.4069
N2B4 1.1657 1.3817 0.5396
N2B5 0.5923 0.7250 0.5396
Base pressures were not measured for NZB2 because the
angle of attack schedule for all runs was above 600° .
The base areas listed were used for all configurations fins on and fins off.
Base pressure 1 was located on the upper half of the body base and base
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MODEL COMPONENT: BODY - NIBI
GENERAL DESCRIPTfON: MSFC Pressure-Fed Booster Body with 40 degree















Base Flare Angle, Degrees
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TABLE III. (CONTINUED)
MODEL COMPONENT: BODY - NZBZ
ii GENERAL DESCRIPTfON: MSFC Pressure-Fed Booster body
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TABLE III. (CONTIMU ))
BODY - NZB5
GENERAL DESCRIPTfON: MSFC Pressure Fed Booster Body with 35 ° Conical
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MODEL COMPONE~=..:
TABLE III.. (CONTINUED)
FINS - F6 '
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Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord
At Outb'd equlv. chord
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1· : Span (equiyalent)
Inb'd equivalent chord
Outb'd equivalent chord
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord
At Outb'd equiv. chord
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TABLE V. INDEX OF DATA FIGURES
(CONCLUDED)
COEFFICIENTS SCHEDULE:
CN, CIM, CA, CL, CD, L/D, CAB vs. ALPHA







plots of Schedule (A) except CAB vs. ALPHA
S:;. ALPHA
CYN, CBL vs. BETA
vs. CY
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FIGURE 7. FINS F2
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FIGURE 9. FINS F7
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Tabulations of the plotted data and corresponding
source data are available from SADSAC Operations.
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N1BIF2-EFFECT OF MACH NO. ON LONGITUInTNAI CHARACTFRISTICS
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(155017) # MSFC TWT 521 BOOSTER N1BS 30.000
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¢AS025) DATA NOT AVAILABLE FOR ALL CONDITIONS 51.000 30.000
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DATA NOT AVAILABLE FOR ALL CONDITIONS 51.000 30.000
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(A55017) M NSFC TWT 521 BOOSTER
(A55OZ4) NSFC TWT 521 BOOSTER
(A50OI8) NSFC TWT 521 BOOSTER
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(A550171 ) HSFC TWT 52 BOOSTER
(A550Z4 ) SHFC TWT 521 BOOSTER
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ALPHA DIHDRL REFERENCE INFORHATION
NIB3 30.000 SREF 0.9330 S. IN
NIB3FIZ 30.000 30.000 LREF 8.1720 IN.
N1B3 t1.000 BREF 8.1720 IN.
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